Abstract: Ethanol extract of mixed algae-spirogyra and ulothrix was investigated to assess the effect on some biochemical parameters in UVB irradiated mice. The dorsal-thoracic region of mice were shaved and exposed to UVB radiation for 24 h for two consecutive weeks. Five groups of ten mice each were conducted: non-irradiated control and irradiated control. Mice treated with commercial cream (S.M.) at a dose of 0.1 mg/cm 2 and mice treated with ethanol extract of mixed spirogyra and ulothrix at a dose of 0.1 mg/cm 2 or 0.2 mg/cm 2 . Topical application was performed to all treated mice groups once a day for four consecutive weeks.
Introduction


Light is broadly divided into Infrared Radiation (IR), Visible Light (VIS) and Ultraviolet Radiation (UVR) [1] . UVR is defined as that portion of the electromagnetic spectrum between X rays and visible light between 40 nm and 400 nm. Solar UVR at the earth's surface consists of approximately 95% UVA (320-400 nm), 2%-5 % UVB (280-320 nm) and all the UVC (200-280 nm) which is absorbed by stratospheric ozone [2] . Free radicals will be formed when the skin irradiated with UV light, those free radicals will immediately interact with the living cells and cause harmful oxidation effects on epidermal protein, lipids and epidermal DNA [3, 4] .
In recent years, the protection of skin from photo-damage by using algal extracts and some other means is an urgent concern. One strategy for safeguarding the skin from UV radiation is by blocking the UV radiation exposed on the epidermis by using the sunscreens [4, 5] . Recent studies indicate that numerous novel compounds have been isolated from marine organisms during the last four decades and many of these substances have been demonstrated to posses interesting biological activities [6] . Research on local marine organisms had considerable attention in recent years, however, few previous studies have been reported revealing the effect of algae on UVB-irradiated skin. Hence, this study was performed to investigate the photoprotective effects and healing property of algae extract by evaluating its effect against UVB-induced skin damage in BALB/c mice.
Material and Methods
Questionnaire
In order to effectively compare the effect of natural cream containing algal extract with commercial one, determining the most popular commercial cream that women use is important. This was achieved by interview questionnaire. The major group (200 students in Al al-Bayt University, Jordan) which was targeted in this project was female adults between the ages of 18 and 30. Questions which were addressed D DAVID PUBLISHING Evaluating the Effect of Algal Extracts against Ultraviolet B-Induced Skin Damage in BALB/c Mice 584 included student's age, sunscreen commercial name and Sun Protective Factor (SPF).
Sampling of Algae
Samples were collected from different sampling sites in the north of Jordan. Water samples containing algae were collected at several locations from different sites in Jordan between January and December 2013. The physical parameters were recorded. Each sample was labeled, kept in special plastic bags and plastic containers and directly transferred to the laboratory. Upon arrival to the laboratory, the samples were divided to three parts, the first one was inoculated on Bolds Basal Media (BBM) agar plates, the second part was inoculated in 250 mL sterile Erlenmeyer flasks which contain 100 mL BBM medium, and the rest was kept at 4 ºC in the fridge [7] . All flasks which inoculated with water samples were incubated for 15 days under continuous illumination at an average intensity of 1,500 Lux (20.25 µmol photon·m -2 ·S -1 )
provided by white-cool fluorescent lamps at 25 ± 2 ºC. BBM agar plates were inoculated from these flasks and incubated in the same conditions (1,500 Lux and 25 ± 2 ºC) [8] .
Culture and Classification of Algae
Samples were grown in 3 L cotton-sealed flasks with 1,200 mL Bolds Basal Media (BBM) [9] . Cultures were incubated in a growth chamber at 25 ± 2 °C under 1,500 Lux (20.25 µmol photon·m -2 ·S -1 ) of continuous illumination by white-cool fluorescent lamps. Cultures were shaken three times every day. Approximately every 14 days, cells were transferred to the fresh sterile medium to maintain all exponential growth phase. Light microscope was used to observe the morphological characteristics of the isolated algae species.
Sunscreen Cream Preparation Method
The algae were filtrated and purified from impurities, and then dried in the oven under 60 °C for 24 hours. Dried algae (10 g) were finely grounded and mixed with 100 mL of ethanol for 24 h. Algal extract was concentrated by rotary evaporator until the ratio 100:20 was achieved, and then algal extract was separated by centrifugation at 3,500 rpm for 10 min. Supernatant was then used to prepare the algal sunscreen. Algal extract was weighed and dissolved in the cold cream in two ratios (1:1 and 2:1, extract:cream and wt:wt).
Animals
Male BALB/c mice-2 months old (20-22 g ) from the animal house of the Department of Biological Sciences at Yarmouk University were used in the study. Mice were housed, fed and treated in accordance with the international guidelines principles of laboratory animal use and care during the whole period of the experiment [10] .
Exposure to UVB Radiation
Mice were shaved dorsally with electrical clippers under mild 3.5% chloral hydrate anesthesia. The mice were allowed to move freely and irradiated within their cages. The mice back were at a distance of 20 cm from the UV lamps. UVB group mice were irradiated 24 h daily with UVB light during 2 weeks. Control group mice were shaved similarly and were not exposed to UVB radiation.
Experimental Design
Mice were randomly divided into control and experimental groups of ten mice each. Applications of treatments were performed to all animal groups by topical application once a day for two weeks. Five groups of mice were prepared and assigned as:
Group I: normal mice left without UVB radiation and treatment, as normal control;
Group II: UVB-irradiated mice left without treatment, as negative control;
Group III: UVB-irradiated mice treated with commercial cream (SM) at a dose of 0.1 mg/cm 2 , as positive control; Group IV: UVB-irradiated mice treated with mixed Spirogyra and Ulothrix ethanol extract at a dose of 0.1 mg/cm 2 ;
Group V: UVB-irradiated mice treated with mixed Spirogyra and Ulothrix ethanol extract at a dose of 0.2 mg/cm 2 .
Measurement of Body Weight
Body weight of each animal in control and experimental groups was measured and recorded immediately before exposure to UVB radiation and again at weeks 2 and 4 after treatment.
Measurement of Skin Weight
The skin was excised from six animals per each group at the end of the experimental period and immediately weighted to estimate skin weight.
Tissue Sampling and Biochemical Analysis
Skin samples were excised from control and experimental groups at weeks 2 and 4 after treatment. They were homogenized in neutral phosphate buffer saline under ice, centrifuged and the collected supernatant was analyzed for total protein, superoxide dismutase and catalase as:
 Total Protein Level of total protein was determined by Coomassie Blue G method, using Quanti Chrom protein assay kit. The intensity of color was measured at 595 nm. Total protein level was expressed in mg/mL.
 Superoxide Dismutase (SOD)
Activity of SOD was determined by convenient colorimetric method, using EnzyChrom superoxide dismutase assay kit. SOD activity was expressed in U/mL.  Catalase (CAT) Activity of CAT was determined by degradation of H 2 O 2 using EnzyChrom Catalase Assay Kit. The intensity of color was measured at 570 nm. CAT activity was expressed in U/L.
Statistical Analysis
Data were entered into a personal computer and analyzed using the Statistical Package for Social Sciences (SPSS) software version 11.0. Means and standard errors were calculated. Furthermore, one way ANOVA test with Tukey post hoc and paired t test were used to compare among tested groups. The level of significance was set at p ≤ 0.05.
Results
Two algae species were isolated from local environment and identified as Spirogyra and Ulothrix species (Fig. 1) according to morphological and microscopic analysis performed at Al al-Bayt University.
Effect of Mixed Spirogyra and Ulothrix Ethanol Extract on Body Weight of the Control and Experimental Groups
UVB-irradiated mice treated with ethanol extract of mixed Spirogyra and Ulothrix revealed significant decrease in body weight when compared to non-irradiated control ( Table 1 * Data are expressed as means ± SE for ten mice in each group. *-Statistically significant when compared to non-irradiated control at P < 0.05; **-Statistically significant when compared to irradiated control at P < 0.05.
Effect of Mixed Spirogyra and Ulothrix Ethanol Extract on Skin Weight of the Control and Experimental Groups
UVB-irradiated mice showed significant increase (p < 0.05) in relative weight of skin when compared to non-irradiated control. While, significant decrease was noted in the relative weight of skin of mixed Spirogyra and Ulothrix treated mice as compared to non-irradiated control (Table 2) .
Effect of Mixed Spirogyra and Ulothrix Ethanol Extract on Total Protein Level (g/dL) of the Control and Experimental Groups
Irradiated mice treated with mixed Spirogyra and Ulothrix ethanol extract showed significant increase of total protein level in two groups (p < 0.05) for both low and high doses as compared to irradiated control (Fig. 2) . The most significant enhancement in total protein level was observed at a dose of 0.2 mg/cm 2 skin after 4 weeks of treatment (32.9 ± 0.09). However, there was a slight rise of total protein level in irradiated group treated with S.M. cream at 0.1 mg/cm 2 dose compared to irradiated control.
Effect of Mixed Spirogyra and Ulothrix Ethanol Extract on SOD Activity (U/mL) of the Control and Experimental Groups
Irradiated mice showed a significant decrease (p < 0.05) in activities of SOD when compared to non-irradiated control. However, irradiated mice treated with ethanol extract of mixed Spirogyra and Ulothrix revealed increase in the activity of SOD as Table 2 Effect of mixed Spirogyra and Ulothrix ethanol extract on skin weight of the control and experimental groups. 
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compared to irradiated control (Fig. 3) . The mainly increment in activity of SOD was noted after 4 weeks of treatment at dose 0.2 mg/cm 2 compared with irradiated mice that was treated with 0.1 mg/cm 2 . In contrast, marked decrease in SOD was noticed in irradiated control.
Effect of Mixed Spirogyra and Ulothrix Ethanol Extract on CAT Activity (U/L) of the Control and Experimental Groups
Irradiated mice treated with ethanol extract of mixed Spirogyra and Ulothrix revealed significant increase in CAT activity when compared to irradiated control (Fig. 4) . The most significant enhancement in CAT activity was observed at 4 weeks after treatment. However, mice treated with 0.2 mg/cm 2 skin showed considerable increase in CAT activity than that 
Discussion
The present study was performed to evaluate the effects of ethanol extract of mixed Spirogyra and Ulothrix on some biochemical parameters including level of total protein, Superoxide Dismutase (SOD) and Catalase (CAT) activities in skin of UVB-irradiated mice.
Ultraviolet (UVB) exposure resulted in a rise of experimental mice skin weight compared to that of normal control (Table 2) . Enhancement in the skin weight might be due to damage the thickness of the dermal fat layer [11] . The increase in skin weight may be related to increase and dilatation of blood vessels [12] . 
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The results obtained in this study showed damage in the weight of the skin in exposed mice. Whereas, this was prevented by a formulation containing ethanol extract of mixed Spirogyra and Ulothrix (Table 2) .
Ultraviolet Radiation (UVB) has a direct effect on level or activity of antioxidant factors present in animal body living cells, including superoxide dismutase, catalase and form complexes with amino acids and protein. Thus, causes structural alteration and enzyme in activation [13] .
Total protein level is considered to be a contributing factor in skin disorders, such as photo oxidative damage, the inhibition of UVB-induced protein oxidation by mixed algae may ameliorate photo oxidative damage of the skin [14] .
Two foremost antioxidant defense enzymes in animal body living cells are SOD and CAT. The dismutation of superoxide by SOD results in the production of hydrogen peroxide, which is subsequently converted to water and oxygen through a reaction that is catalyzed by catalase. An imbalance in the ratio of antioxidant enzymes may thus contribute to an excessive accumulation of ROS, increasing oxidative stress and damage [15] . Antioxidants play a crucial role in ameliorating or indeed preventing photobiologic damage in vivo [16] . It has been reported that SOD activity is significantly suppressed by UVB radiation (Fig. 3) [17] . However, continual cumulative stress may overwhelm the capacity of this system, with SOD activity being significantly decreased in the skin [18] . In the present study, UVB radiation of the skin induced a significant reduction in SOD and activity compared to control group (Fig. 3) . This result suggests that endogenous SOD is utilized to neutralize UVB-induced oxygen free radicals. UVB-induced modifications include changes in proteins involved in cell cycle activity, cellular repair, proliferation and apoptosis [19] . UVB radiation produces an increase in reactive oxygen species such as superoxide ion and hydrogen peroxide [20] . These radicals increase lipid peroxide levels in the skin. Hence, in cases of irradiation, SOD and its activities are sharply reduced [21] . If catalase is lacking, hydrogen peroxide and hydroxyl radicals increase in response to UVB radiation, since antioxidant enzyme (SOD) is inactivated by hydrogen peroxide [22] . Hydrogen peroxide generated during UVB radiation may inactivate SOD. Catalase absorbs UVB radiation of a broad wavelength band and thus becomes inactivated (Fig. 4) . This phenomenon indicates that catalase may function to protect SOD against UVB radiation. However, other possibilities still remain. In the case of UVB exposures, which are a common condition of daily life, a deficiency of catalase may allow damage to the skin with a low defense function of SOD to take place [23] . The substantial rise in activity of SOD and CAT in skin tissues may generally be attributed to the increment in the production of these enzymes by reason of the therapeutic agents present in the ethanol extract of mixed Spirogyra and Ulothrix and the obtained values of SOD and CAT relatively reaching the normal level (Figs. 3 and 4) .
Many studies have focused on marine organisms as a source of natural bioactive molecules with therapeutic properties, which are exploited in a multitude of commercial applications. Mixed Spirogyra and Ulothrix, besides constituting an important food source in Asian countries, are able to produce substances with anti-inflammatory and antioxidant properties with possible applications in the cosmetic, nutrition and pharmaceutical industry sectors [24] .
The present study was aimed to show that the extract obtained from the mixed Spirogyra and Ulothrix has the potential to heal the mice after the damages produced by UVB radiation. Results showed that the ethanol extract of mixed Spirogyra and Ulothrix may have antioxidant activity which is able to inhibit lipid peroxidation and activate antioxidant enzymes. Antioxidant activity of ethanolic extracts may prevent or slow down the oxidative damage induced by UVB radiation in mice and as a result promote regeneration of damaged skin [25] .
Conclusions
Chronic exposure to UV radiation may cause skin damage and carry a risk of skin cancer. Therefore, people need new strategies to overcome UV skin damage problems. These results demonstrate that treatment UVB-irradiated mice with mixed Spirogyra and Ulothrix ethanol extract at a dose of 0.1 mg/cm 2 or 0.2 mg/cm 2 skin for 4 consecutive weeks promotes decreasing in body and skin weight, while increasing levels of total protein, SOD and CAT activities in skin. Therefore, these results suggest that algal extracts may exhibit some potential to prevent photo-damage. Mixed Spirogyra and Ulothrix ethanol extract may prevent or slow down the oxidative damage induced by UVB-radiation in mice, which require further scientific verification.
